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Report:

We have measured a series of InAs/InAsP core-shell wire structures grown on Si(111)
substrates using a new Au-free chemical vapr deposition method developed at the University
of Lund, Sweden [1,2]. First, wires of (nominally) pure InAs are deposited, which measure
about 100 nm in diameter and are several nm long. Already from SEM a good orientation of
the wires along the [111] direction is observed, as well as a hexagonal cross-section. X-ray
diffraction (XRD) experiemnts in coplanar diffraction geometry and grazing incidence
diffraction (GID) confirm a good epitaxial relationship between wires and substrate. The
wires studied during this beamtime are covered by a shell of an InAsP alloy with different InP
concentrations and different shell thicknesses in the range of 5 to 20 nm (all nominal
parameters). The main question addressed here is the strain state of wire and shell material,
since this determines the optoelectronic properties of the wires. More practical, the question is
up to which mismatch/thickness values the shell can be grown pseudomorphically, without
the intriduction of dislocations or other defects. The XRD experiment are complemented by
photoluminescence investigations performed at the University of Linz, which are still in
progress.

In order to reduce background scattering from the substrate and receive a “clean” signal from
the wires, we measured first in GID geometry. However, this is true only with respect to the
substrate; with respect to the wires, which stand perpendicular to the substrate, the scattering
takes place at lattice planes parallel to the wire axis, and represents a “steep incidence, steep
exit” geometry. Considering this and the small diameter and statistical arrangement of the



wires, the scattering experiments can
be well described by kinematical
scattering theory. As found in
previous experiments (SI-1245, see
also Ref. [1]), it is possible to
perform measurements at reflections
forbidden for the cubic substrate: due
to stacking faults of the (111) planes
in the wires, they contain hexagonal
segments.  Choosing  reflections
allowed for these hexagonal
segments but forbidden in cubic
material, the substrate scattering can
be completely eliminated. Figure 1
shows measured reciprocal space
maps (RSMs) around the (10-1.0)
reflections (corresponding to the
cubic 1/3(22-4) reflection; gray scale
intensities) of two wires with 5nm
and 20 nm shell thickness and a
nominal  shell composition of
Xinp=0.15. It can be seen that the
InAs core and InAsP shell give rise
to two separate reflections, more
pronounced for the thicker shell. The
latter gives rise to a peak with a
larger separation from the InAs peak,
indicating a larger degree of elastic
relaxation. The black contours in
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Fig. 1: Reciprocal space maps of two core-shell wire
structures with 5 nm (upper panel) and 20 nm (lower panel)
shell thickness.

Fig. 1 showsthe maps compared with simulations calculated using FEM and kinematical
scattering theory. We found that the InP content of the shell is about 4 times larger than the
nominal values. This indicates that the growth conditions for the deposition of a shell around
an existing wire are significantly different from the case when a pure wire of the composite
material is grown. Further studies with sample series where the growth parameters asre varied
over a larger range are required to verify these results and establish the proper growth
conditions for predictable production of core-shell wire structures.
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